— an NE Vasa mas 


allel А EIA 


a 
, 
Somen OVERRIDE PREFIX | / 5 / \ hi. 
The segment override prefix, which may be added to almost any instruction in any memory- 
addressing mode, allows the programmer to deviate from the default segment. The segment 
d dia ук. prefix is an additional byte that appends the front of an instruction to select an alternate 
segment register, About the only instructions that cannot be prefixed are the jump and call in- 
structions that must use the code segment register for address generation. 


For example, the MOV AX [DI] instruction accesses data within the data segment by de- 
faplt. If required by a program, this can be changed by prefixing the instruction. Suppose that the 
data are in the extra segment instead of the data segment. This instruction addresses the extra 
segment if changed to MOV AX,ES:[DI]. 


The following table show some altered instructions that address 


| different memory segments than normal 








Assembly Language Segment Accessed — Default Segment 





ya AX,DS:[BP} . Data Stack 

OV AX,ES:|BP] Extra: Stack 
MOV AX,SS:[DI] Stack Data 
MOV AX,CS:LIST Code Data 
MOV AX Е$: [5] | Extra Data 

| Ld 

ys 457 
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Arithmetic Ins tructions 


- The arithmetic instructions include 


** Addition 
- Subtraction 

* Multiplication 
* Division 


o^ d 


ata formats 

Unsigned bínary bytes 
Signed binary bytes 
Unsigned binary vvords 
Signed binary vvords 

= Unpacked decimal bytes 
<= Packed decimal bytes 

T ASCIL numbers 


+ 
E 
" ^ 9 


i: Intel 8086 has 20 instructions for performing integer addition, 
subtraction, multiplication, division, and conversions from binary coded 


eae to — 


ADD d,s 


; add byte or word 
ADC 4,5 ; add byte or word with carry 
Addition INC d ; increment byte or word by adding 1 
DAA ; decimal adjust after addition 
| LL AAA ; ASCII adjust for addition 
SUB d,s ; subtract, d-s d 
SBB d,s ; subtract with borrow 
Subtraction DEC d ; decrement byte or word (subtract 1) 
| DAS ; decimal adjust after subtraction 
Б-г. MS - ASCII adjust for subtraction 





B en. 
Scanned by Camscanner 


150 


ds d 


MUL s ; multiply byte or word, unsigned 
Multiply 2 IMUL s ; integer multiply, signed 
| — ААМ ; ASCII adjust for multiply 
DIV s ; unsigned byte or word divide 
Dein — IDIV s ; signed byte or word divide 
AAD ; ASCII adjust for divide 
NEG d ; Negate, i.e. multiply by -1 
Other CBW : convert byte to word and sign extend. 
CWD ; convert word to double word 
| CMP d,s ; compare byte or word 


% Signed integers may be represented simply by the use of 25 complement 
binary system, (hexadecimal is for human readability): 


Examples (For 16-bit words). 


[Decimal] Впау — [He_ 
L 29 nur nili 0010 #883 
[32,767 piritu 1111 1111) TFEP 
[-32, 168/1000 0000 0000 000018000) 


4 bits = 1 nibble 

8 bits = 1 byte 

16 bits = 1 word (16 bit machines) 
32 bits = 1 double-word 

64 bits = 1 Quad-word 


















= 





scanned by Сатосаппег 





/ Binary Addition 


* Can add immediate data to a register or memory. 
* Can add data from a register to a register. 


Can add data from a register to memory. 
L" Can add data from memory to a register. 


« Can NOT add data directly from one memory location to another. 


Recall Full Adder Truth Table 











i (e Mu ont ages раа ә, 
чу. T Shey WO A 
3 E. Do X3 1 4 
© > tO" © 
1 Final carry `= O, 
k , Г (08 6d e Bi " * ' | 
‚аш нек aep BETAS Se Ty age, Ул ЕМ 
ані ату’ Addition 
| | Binary 
Dec ' Hex | ^ Gam o0 0 1 
53 35 sf, © б; 4 T 9, 3: о a 
bx uaa RE. < бро»: 1 шт О 1: 
d. I Al 4* Go 10 0411 
‘Carry and Overflow 
, _ Binary 
uaa V sq aku Ао Өр 1 
mon gi | HET d ger 0T т 0.1 о i 
SS 35 ^| 
+4 449 | 0 buo i9 0. 
78 — © lb Orit gb 9 
O = О ` Woteno carry from bit 6 to bit 7 


andmo carry from bit 7 to C. 
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i | Carry and Overflow 
a Bin 
— Hex я т а Y^ * 1 3 
$3... 34... s oO D 3 OC 13 CS 
HOM "bed. quU. 6 
144 ЖО" саго 1 0. OE Oa б “O 
С? = ] Note carry from bit 6 to bit 7 


but no carry from bit 7 to C. 
Thinking SIGNED wc added two positive numbers 
and рога negative result. This can't be correct! 
P Therefore, the OVERFLOW bit, О, is set to 1. 
| | i. Correct answer (144) is outside the range -128 to +127. 







Overflow 
Binary 






O'S 
Note carry from bit 6 to bit 7 
and carry from bit 7 to © 


g | STONED weraddea a positive number to a 
"negative under and ‘got oos correct positive answer. 


i 
i 1 rt, O, is cleared to O. 
t | EU is án dc. —— 2128 to +127) 


etsi 









wm and Overtlow 


Binary 


Qiu: DN 2. 33 холо O 


Rote no carry ‘from bit 6 t6 bit 7 * 
but there is a carry from bit 7 to C. 


b. NED dded two negative numbers 
aki IG we addc 
* or a positive answer. This must be wrong! 
пара ae ‘the O OVERFLOW bit, О, іх setto 1. 


4 —— answer (-143) is outside the range -128 to +127 
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Overflow 


* Note that the overflow bit was set whenever we had a carry from bit 6 
j to bit 7, but no carry from 17 to C. 


* It was also set when we had a carry from bit 7 to C, but no carry from 
bit 6 to bit 7. 


w 


* Upshot: the overflow bit is the EXCLÜSIVE- OR of a carry from bit 6 
to bit 7 and a carry from bit 7 to C. 


Binary Code Decimal (BCD) 


Code decimal numbers using the binary digits, 0 - 9. That is, 0000 - 1001 


Can NOT use the hex digits A - F. For example, the DECIMAL number 
3582 would be coded in BCD as 0011 0101 1000 0010 


While this looks like the HEX number 3582H in BCD we interpret it as the 
"n DECIMAL number 3582. 


BCD Arithmetic 
BCD: Binary Coded Decimal 
* Packed BCD Arithmetic 


COMO oP obada 7^7. dnsbacton DA 
- BCD Subtraction Instruction : DAS 
* Unpacked BCD Arithmetic 
— ASCII Addition Instruction : AAA 
4 - ASCH Sóbtracitior. Jess: AAS 
— BCD Multiplication Instruction : AAM 
— BCD Division 


Instruction : AAD 


— 
- 
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ADD D, S [ (S) +(D)9(0) OF, SF, ZF, AF, PF, CF 
Carry (СР) 


(S) +(D)+(CF)-4(D) | OF, SF, ZF, AF, PF, CF 
Carry +(CF) 
— adjust AF, CF 
for addition OF, SF, ZF, PF undefined 
pA | Decimal adjust 
for addition 


SF, ZF, AF, PF, CF, 
$ ADD Des, Sre 


OF undefined 
die ae to byte or a word w word. 
It effects AF, CF, OF, PF, SF, ZF flags. 













$ Example: 
ADD AL,7AH ; adds 7AH to AL register 
IO arte ,ADDDX,AX  ;adds AX to DX register 


š “ADD AX, [BX] ; adds [BX] to AX register 





Allowed operands for ADD and 
ADC instructions 
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А. Register Addition 
/*»/ Add the content of several registers. 
Z + у^ arithmetic instructions executed, contents of 
/ i e flag register change. 
* Interrupt, trap, and other flags do not change. 
* Any ADD instruction modifies the contents of the 
sign, zero, carry, RR carry, party and 
overflow flags. |. ' 
+ Example: | 
ADD AX, BX  ;addsBX to AX register 
ADD AX, CX  ;adds CX to AX register 
-.- -... ADD AX.DX adds DX to AX register 








suit ru XE. = TE — decimal: 
De " 
Sign aped — D». 
xi: [decimal . 
M On O0 bi T3 —- fecimal MET 
— TARUL а E pm = 62 decimal 


cct because сези ü it is too — fo fitin 7 bits. 
(S8 ‘ 5.7 


> Оона addition is employed whenever constant 
or Known data are added. 


+f 
a 
aa 
Ba 
at 
is 
ОЁ 
i | 


> Flags changes, as follows: | 
< Z=0 (result not zero), S = 0 (result positive), C 


(no carry), P = 0 (odd parity), AC = — — 
O = 0 (no overflow). 
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Ф Memory-to-Rezister Addition 
fe Moves memory data to be added to a register. 


> Example: 

MOV DI, OFFSET NUMB 
" | MOV AL,O 
b H | 

ADD' AL, [DT] 

ADD AL, [DI+1] 


© Array Addition 
t Memory arrays ure sequential lists of data. 
> Example: 


© Suppose we want to add elements 3, 5, and 7 of an area 
of memory called ARRA Y. 


MOV AL, 0 ; clear sum (AL) 


i —X M VSL3 ., ; address element 3 
; ARRAYS ; add element 3 
pres AL, ARRAY(SI«2| ; add element 5 
ADD AL. ARRA Ү[51+41 ; add element 7 













тетивата Де; re NE 
# Y. M Acl Bo ш ә т s 
Т) — 


(Ж einen t ENOS A tratto ens "t ⸗ 


dat | 
° E db 1ih, 22h, 33h,44h, 55h, 66h, 77h,88h,99h | 
р | 


—— "ad Pd 


al, array $1721 E — 


Jarraylsi+ 


{ Р j | drag atia hete to open _ _ = аа d 
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OAL 3 


0700: 911€ 


27120: 
97122: 90 
serbe 


' sotace |.- jedet 


below 
aboue (CF*1 or ZF*1) 
signed --- 
less 


(SF<>OF) 
greater 


(SF<>OF or 2-4) 


| equal 
Ipositive 


(2F=9) 
(SF=0) 
(ОЕ=1) 

` (PF-9) 
(RF 71) 
(F1) 


aux carry 
hw-int enabled 
Forward dir 


M jj^ 


‘ pu 5 158 


N 


838883 
88888888 
88888888 
88888825 
88888808 
ооо 


© 
° 




















аан+ввн+ввн 








AL = AL4BL 

CX =CX « DI 

BP= ВР+ AX 

CL 2 CL « 4H 

BX = BX + 245FH 

AL adds to the contents of the dala segment memory location address by £Y «th the 
sum stored in the same memory location 


The byte contents of the stack segment memory location addressed by 22 add to CL 
with the sum stored in CL 


ADD EXSI + 2] The word contents of the data segment memory location addressed by the sum of SI 
| plus 2 add to BX with the sum stored in ВУ 
ADD CLTEMP The byte contents of the data segment memory location TEMP add to CL with the 
sum stored in CL 
ADD BX,TEMP{DI] The word contenis of the dala segment memory location addressed by TEMP plus DI 
add to BX with the sum stored in BX 
Carry and Overflow Summary —,⸗ 


0000 BO 35 MOV 
0002 0419 ADD 


| | 

t ka e le i, 
0004 z0 35 MOV 
0006 04 5P ADD 


sum = 


0008 BO 35 MOV 
000A 04 D3 ADD 


Sum" 


' 000€ A gg MOV 
000E 04 D3 ADD 


sum = 71H in AL, C-1, 071 
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AL, 35H 
AL, 19H 
4EH in AE, C-0, O70 
AL, 35H 
AL, 5BH 
90H in AL, C70, 071 
à: ?5H 
Lu, D3H 
ОН in AL; C=1, 0-0 
LL, ЗЕН 
AL, D3H 





zagaa. 


— 
= 


j 
«3 





[amm 


[E + 
E 132002 
SERES: 







i 





К АШ, 
; H ARG - n 


- o 
xx 
<a ta gud нчы cii id RR J... | ..4 






5 

! Wher Р 

- Ме i Д { š 

Pet zr 

n фо ooo 4 of ; :. L 
8088/80 MPU, .. 


Before execution — 


3 
ç 


"3 a у" 2 " at il 1 teed | 
: 8088/8086 MPU 
After execution 


^ 

г». 
^ 

> 


Ё 
b. — 
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ADC Destination, Source 


- Destination + Source + Carry Flag — Destination 
- Destination and Source operands cannot be memorv locations at the same 


time ТЕ 

RA modifies flags AF CF OF PF SF ZF 

- An addition-with-carry instruction (ADC) adds the bit in the carry flag (C) to 
the operand data. This instruction mainly appears in software that adds 
numbers that are wider than 16 bits in the 8086. 








Assembly Language — = Operation 
АСА АН AL = AL + AH + сапу 
ADC CX,BX СХ = CX + BX + carry 


T DHX) The byte contents of the data segment memory location addressed by 
Pha | ^. BXaddio DH with carry with the sum stored in DH 


ADC BX|BP +2} The word contents of the stack segment memory location address by 
BP plus 2 add to BX with carry with the sum stored in BX 


uppose a program is written for the 886 to.add the 32 bit number in BX and 
M : to'the 32 bit number in DX and CX. 
c= 





EXAMPLE 


Perform a 32-bit bi i 
inp register. inary add operation on the contents of the 


БЕ ee — —— 


riginal source cn 





=, — 
E Before After 
ADD [BX], DX | DX | 1234H 
. BX | 1000H 
_ jj, In 3234H, 34H has DS:1000H 3234H 
* three 1°; So Р.Пар=0::  - psioH|. |. 
Before After 
ADC DH [ST] pH[ 30H | 
Add with Carry Carry flag{ 1 | 0 
боа SI | 2000Н | 
} 4 81H PE DS:2000H | 50H | 
1000 0001 B(Two 1's) 05:2001н | 60H | 
New flag values: Ас=0, S71, Z=0. V=1, P=! 
162 
t 
—P 
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INC Destination 
SINC Sre ` 


$ It increments the byte or word by one. 
* The INC instruction adds 1 to any register o 
memory irme except a segment register. 
| nd can be a register or memory 





location. 
* It effects AF, OF, PF, SF, ZF flags. њаш 
( $ СЕ ік not effected. > for INC inslruclion 
— b — 


C doesn't change because we oflen use increment in programs that depend 
on the contents of the carry flag. 





Assembly Language Operation 
INC BL BL = BL + 1 
ми Т j| SP=SP+1 
INC BYTE РТА [BX] Adds 1 to the byte contents of the dala segment memory кабап 
; addressed by BX 
INC WORD PTR [SI] Adds 1 to the word contents of the data segment memory location 
addressed by SI 
INC DWORD PTR [ECX] Adds 1 to the doubleword contents of the data segment memory 
, location addressed by ECX 
NEATA | | increments the contents of data segment memory location РААТ! 





org 100h d | 
2 o * m de 
irm AX 2oeo 
a Ame "U^ eh ае НМ) У 
ret m E 
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Binary Subtraction 


Can subtract immediate data from a register or memory. 

+ Can subtract a register from a register. 
Can subtract a register from memory. 

Can subtract memory from a register. 


Can NOT subtract data in one memory location from that in 
another memory location. 


6 m dii puse. о. ' 


‘Recall Full Subtractor Truth Table 





0 








2 o c ""€1 O © Hex 
° E A ©. 1.49.,"'4 = 
i ° ° ШЕ абу Re n = Z 
W u 2 1 ü Ia td Le О E 
; | ; oy ç * d ° qe t UFinalborrow = 1 i 


memo 


act — reqister, register from 
fror ri register 
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: @ SUB Des, Src ` BR ae 
. = It subtracts a byte to byte or a word to word. 
* It effects AF, CF, OF, PF, SF, ZF — * 

> For subtraction, CF acts as borrow flag. 


+ Example: 

ги ‚+ SUB AL, 74H. ; sub 74H from AL register 

7  " SUB DX, AX `; sub AX from DX register 
SUB AX, [BX] ; sub [BX] from AX register 


> Register Subtraction 
‘>| Subtracts the content of several registers. 
5 When arithmetic instructions executed, contents of 
the flag register change. 
** Any SUB instruction modifies the contents of the 
sign, zero, carry, auxiliary carry, parity, and 
 j9verflowflags. ` 
S Example: nS dvo a "m 
SUB AX, ВХ  ;sub BX from AX register 
SUB AX, CX  ;sub CX from AX register 
SUB АХ, DX  ;sub DX from AX register 





+ Mano iL y-tü-Register Subtraction 
* Moves memory data to be subtracted to a register. 





+ Example: 
„фе MOV DI, OFFSET NUMB 
j MOV AL,0 
SUB AL, [DI] 
SUB AL, [DI-1] 


„е 165 
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Immediate Subtraction 








Immediate subtraction is employed whenever 
constant or known data are subtracted. 


= h 


— фф de 


MOV CH, 22H 
SUB CH, 44H 
The subtraction is stored in CH register. 
Flags changes, as follows: 
7. = 0 (result not zero), S = 1 (result negative), C = 1 
(carry), Р = 1 (even parity), AC = 1 (half carry), О = 


0 (no overflow). 


өы—————————————-—-———<—<—--—-——— 


Assembly Language 


Operation 


y, ;-@=@-& C 
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AX z AX - SP 
Ч = DH - 6FH 
AX = AX - CCCCH 
Subtracts the contents of CH from the contents of the data segment 
memory location addressed by DI 


Subtracts the byte contents of the stack segment memory location 
address by BP from CH 


Subtracts the byte contents of the data segment memory location 
TEMP from AH 
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Ра 


і 
SUBTRACTION OF UNSIGNED NUMBERS 


SUB dest,source ; dest = dest - source 


In subtraction 2's complement method is used. 
- Execution of SUB instruction 


1. Take the 2's complement of the subtrahend (source operand) 


2. Additto the minuend (destination operand) 
3. Invert the carry 


Ex: MO AL,3FH ; load AL-3FH 

MO BH,23H ; load BH-23H 

SUB AL,BH ; subtract BH from AL. Place result in AL 
j 


Execution steps: 


AL 3F 0011 1111 0011 1111 
-BH =23 -0010 0011 + 1011 1101 (2's complement) 
1C 0001 1100 1 0001 1100 (СЕ=0) Step 3 


CF-0, ZF-0, PF-0, SF=0. 


r If the CF=0, the result is positive and the destination has the result. 
If the CF=1, the result is negative and the destination has the 2's 


complement of the result. NOT and INC increment instr:.ctions can be used 
to change it. 


Ti cnp 

tu efi 
Bi ee 

LT. 2 y EM 









р Г eese  —— 


: | 9C Mov BH. 023h a 
| 97201 063 MON 


BH, 
UB AL, BH | 








Analysis: Following the 3 steps for 






4C 0100 1100 . 0100 1100 
A B 0119 1110 2'scomp . +1001 0010 
gs Е .0 1101 1110 — CF-l(Step 3) the result is 







Гаем 2. 


MOV ВН. O6Eh 


3A | SUB AL, BH _ 















—— 
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pB Destination, Source 
Destination - Source - Carry Flag — Destination 
_ Used in multibyte (multiword) numbers. 
— E CF=0, SBB works exactly like SUB 
-4f CF=1, SBB subtracts 1 from the result 
— and Source operands can not he memory locations at the same 
ипе 
-It modifies flags AF CF OF PF SF ZF 


ee E aaa a eS aI vd m aet peii 


‚ Assembly Language "Operation 





SBB AH,AL ` .— AH = AH – AL — сату 
SBB AX,BX AX = AX — BX — carry 
SBB CL2 CL = CL - 2 - сапу 
SBB BYTE PTR(DI],3 Both a 3 and carry subtract trom the contents of the data segment 
memory location addressed by DI 
BB [DI], AL .  . Both AL and carry subtract from the data segment memory location 
' Ë › ; hs +) TO ' : | E р addressed by DI | 
BB DI,[BP + 2] Both carry and the word contents of the stack segment memory 


location addressed by the sum of BP and 2 subtract from DI 


- Тһе following example use the SUB-instruction to subtract DI from AX, then 
ugs SBR to subtract with borrow SI from BX. 
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SUB DH, CL Before 
Subtract (without borrow) DH 


| 


CL | | 
OBH = Ж. 


0000 101 1 B(Three 1's) 


New flag values: Ас=1, S=0, Z=0, V=0, P=0, Cy=0 





ü B 
! SBB DH, CL DH 
Subtract (with borrow) Cy flag 
CL | 25H | 
FAH =1111 1010(Six 175) 
2's complement of FAH=0000 0110 = +06 So, FAH = -06 
| New flag values: Ас=1, S -1, Z-0, V=0, Р=1, Су=1 


Ex: Analyze the following program: 


DATA_A DD 62562ҒАН 
DATA_B DD 412963BH 
RESULT DD ? 
Ж k: ч. | МОУ. AX WORD PTR DATA A С ;AX-62FA 
| SUB AX,WORD PTR DATA B :AX-AX —963B 


MOV WORD PTR RESULT,AX ‘save the result 

MOV AX,WORD PTR DATA A +2 :АХ=0625 

SBB AX,WORD РТА DATA B +2 ‘SUB 0412 with borrow 
MOV WORD PTR RESULT *2,AX ssave the result 


Note: PTR (Pointer) Directive is used to specify the size of the operand. Among the options for 
T are BYTE, WORD, DWORD and QWORD. 


Solution: . 

After the SUB, АХ = 62FA — 963B = ССВЕ and the carry flag is set. Since СЕ=1, w hen 
SBB is executed, AX = 625 - 412 — | = 212. Therefore, the value stored in RESULT is 
0212CCBF. 
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ү ЖИИ ihe 
— A25 
© 0000 ВО B5 MOV AL,BSH mé 
| 0002. 2C 6F SUB AL, OFH 
hig ore 













Ре ‘ue? pg ps 10110101 
181 m -6 391 10010001 
J— Le 86: N^. 0.1 9:0 0 1.1.0 
rd ig ü 0 ао Же carey Bein bis бю bie? 
AT - ‘CARTY butthereis a carry from bit 7 to C 
— on U Therefore, overtlow,O = 1. 
— 
` But suppose you were thinking: о BSH = 10110101. Lesson ar ан 
\ m negative mmber 01001011 = 4BH- 10010001 = 919 
| | — ез0. DD ' d: E ou "E 4 
GIOCA Oe tg nnm tons Mah dure н : : 
| "c T6-Bat Addition — 
I +82C4H 
^а ВАВЕН 
0006 Bs EA 47 Mov АХ 37FAH 
Т „0008; Eae 54 зе, ADD AX, 82C4H 
\ | Asse. ki Ossa TN ps uem 
Em is ea hap ea 





16- ‘Bit Subtiaghon: 


| J КОТЧУ. О: д Nie мұ 
1 o s 


0003 2D.15 вз 


' i ! 


difference = 1ÉEBAH in AX 
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осаппеа Dy UdMoCcdNner 


Thinking SIGNED we subtracted a positive number from a 
nei ker s number and got à TEM — This must be wrong 


Post vent 1 s eng E 


(e (LEB AH н. 


jg TO "MOV 
SUB 


Binary 
dés. uc 040,1 1 1 0 
"Bs Ж шык Ж, 1 1 
-6F 01101111 
46 C=0 0100011 0 


О= 1 


LOW. bit, Q 


Leda shn 


A1CO9H 
-8315H 


AX, A1c9H 
AX,8315H 









© DEC Sre 
& It decrements the byte or word by опе. 
# The DEC instruction subtract 1 from any 
register or memory location, except a segment 


register. 


+ The operand can be a register or memory 
location. | 
ult effects AF, OF, PF, SF, ZF flags. 
* CF is not effected. 
* Example: 


DEC AX  ;sub1 from AX register 





Assembly Language , 








Operation 
COEGBH" © °° ^ edeBH-1 
DEC CX. CX = CX-1 
DEC BYTE PTR [Di] 


Subtracts 1 from the byte contents of the data segment memory 


location addressed by DI 
DEC WORD PTRIBP] Subtracts 1 from the word contents of the stack segment memory 
creen n i =] .. location addressed by BP 
— АТИ — 
DÉC NUMB 


š Subtracts 1 from the contents of the data segment memory 
location NUMB 













NEG Destination J 


. Destination —0- Destination (the result is represented in 2's complement) 
. Destination can be a register or a memory location 
. |t modifies flags AF CF OF PF SF ZF 


Algorithm: 


|Invert all bits of the operand 
Add | to inverted operand 


Example: 

HOU AL, S | AL = O5h AL = 0000 0101 05H 
NEG AL =; AL = OFBh (-5) AL= 1111 1011 . ЕВН 
MEG AL’ ^ AL = 5h (5) 











"ade T 
ck | 9006 2057 


4 ra É: 
| cx Yoo [ве | 071 
' ox [оо [oo | i 


HLBRL 
~“ extended value viewer 
f = - 






i P* s (0173 










Comparison Instruction: 





Format: CMP OPERANDI ; OPERAND2 
Operation: (OPERANDI) - (OPERAND2) affects the status flags 


mE — € 












H- 





^ 





^ 






d Imm 
| l Mem . | Imm 
L A J| Imm 


CMP Des, Src 


It compares two specified bytes or words. 

The Src and Des can be a constant, register or 
memory location. 

Both operands cannot be a memory location at 
' E the same time. b 5м eod rejistr | 

+ The comparison is done simply by internally 

|. subtracting the source from destination. 

4 The value of source and destination does not 


ch e, but the flags are modified to indicate the 


git, Uh jd | 5 
k The comparison instruction (CMP) is a 
| subtraction that changes only the flag bits. 
< Useful for checking the contents of a register or a 
memory location against another value. 


Ap 





* A CMP is normally followed by a conditional 
P^ mp insi üction, which tests the condition of the 
' flag bits. 
є Example: 

CMP AL, 10H 


JAE NEXT | ; jump if above or equal 
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“T 
ра 









| СЕ [ar 











0 [O0 | | 
, / [Bestination=source [o [r | — 
Fed | 
Destination <source |1 |o | | 
Flag settings of the CMP instructi 

, Assembly Language Operation 

CMP CL BL CL-BL 

СМР AX,SP AX - SP 

CMP AX,2000H AX - 2000H 

CMP [DI] CH CH subtracts from the contents of the dala segment memory location 
l-. : addressed by 01 i 

СМР С. [ВР] The byte contents of ће stack segment memory location addressed 

by BP subtract from CL 
CMP AH,TEMP The byte contents of the data segment memory location TEMP 
subtract from AH 


| ir DI,TEMP[BX] The word contents of the data segment memory location addressed 
4707 70 7 By the sum of TEMP plus BX subtract from DI 


CMP BH, CL Before After 
56H-01010110B BH 
| OFH=00001111B 
Only flags are affected CL | Н | 
V 
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BCD(Binary Coded Decimal 





: & 
н (Атегїсап Standard Code for Information Interchange) 
ү Instructions 












Packed BCD Adiust Instructions 
| DAA | Decimal Adjust for Addition Sum in AL adjusted to packed BCD format 


Difference ín AL adjusted to packed BCD 
format 






Decimal Adjust for Subtraction 









Unpacked BCD Arithmetic Instructions 


«AL» € sum in AL adjusted to unpacked 
Unpacked BCD Adjust for Addition BCD format 


«АН» € «AH» + carry from adjustment 
«AL» € difference in AL adjusted to 
«АН» € e; Hx - borrow from adjustment 
i «AX» € t. oduct in AL adjusted to 
cmon | unpacked BCD format with AH containing 
| | g : high order digit: ` : 


PANE RY «AL» € 10 * «AH» + «AL» 
| MD | Unpacked' BCD Adjust for Division «AH» € 0 


Binary representation of 0 to 9 (used by human beings) is called BCD. 


















-, There are two types of BCD numbers: 
Ç. 1- Unpacked BCD 2- Packed BCD 


- Unpacked BCD: 1 byte is used to store 4 bit BCD code. E.g. 0000 1001 is 
unpacked BCD for 9. 


- Packed BCD: 1 byte is used to store two 4 bit BCD codes. E.g. 0101 1001 
, is packed BCD for 59. More efficient in storing data. 


EE o ы A 
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ha Use 8 bits to store 2 BCD digits 
EN LIE О Tails eng ines | ; a. 
J (Unpacked BCD) cked BCD) 


(Unpa 
K shee Bu: | Mes [esa d Рея — iis b wlk zb luy ja — xb 
sal ША bia S aaa as г ji а: 
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| © 7-bit representation. 


* Keyboards, printers, and 
(32H) 011 0010 
(33H) 011 0011 


monitors are all in ASCII. 
EG 







* To process data in BCD, 

ASCII data should be 
_ converted first to BCD. 

$ Remember that ASCII code 
representation of a number is 
: number + 30 H 

* ASCH Code for (3) is : 3 +30 
= (33),scn. 






[7 [om mon | 
э | aom бїт 1001 | 


ise- 
> 








| Unpacked BCD ASCII 
md. eh е TOES 3&3 
0010 100 0000 0010 & 0000 1001 0011 0010 & 0011 1001 
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BCD Arithmetic 
Two arithmetic techniques operate with BCD data: addition and subtraction. 


1- DAA (decimal adjust after addition) 
- instruction follows BCD addition . | 
- jt is used to make sure that the result of adding two BCD numbers is adjusted i 
tå be a correct BCD number. 

- It only works on AL register. 


2- DAS (decimal adjust after subtraction) 
| -[pstruction follows BCD subtraction. | 

- It is used to make sure that the result of subtracting two BCD numbers 1$ 
adjusted to be a correct BCD number. 

It only works on AL register. i 

Both DAA and DAS correct the result of addition or subtraction so it 15 à BCD 
number. . 


dito: $ ust Instructions 


oio Packed BOD A 
Е о | Decimal Adjust for Addition sum in AL adjusted to packed BCD format 
| rance in AL adjusted to packed BCD 


i Diffe 
Decimal Adjust for Subtraction 


















format 
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MOV AL, 17H Ex2: MOV AL,52H 
ADD AL.28H ADD AL,87H 
| Result-3FH Result-D9H 
| (Not a BCD) (Not a BCD) 


`. 2 solve these problems add 6 to the lower nibble of 3FH and upper nibble of 


ЗЕ + 6 = 45H D9 + 60 = 139H 
* Now the results аге ВСР). 


. pes is a special instruction to do this correction: DAA- 


DAA: Decimal Adjust Accumulator 


This instruction is used to convert the result of the addition of two packed BCD 
numbers to a valid BCD number. The result has to be only in AL. 


Decimal adjust After Addition. 
Corrects the result of addition of two packed BCD 
values. 








Algorithm: 
if low nibble of AL > g of AF => і then: 


| No operands "i Pes = E =e 


1f AL > 9Fh or CF = ) then: 


+ AL = AL * 60h 
. cw - 1 


Shmmary of DAA action 


1. If after an ADD or ADC instruction the lower nibble (4 bits) is greater than 
9, or if AF =1, add 0110 to the lower 4 bits. 


2. If the upper nibble is greater than 9, or CF =1, add 0110 to the upper nibble, 


3, DAA works only after the ADD and ADC instruction. (E.g. it doesn’t work 
dith INC instruction) , 


4. In addition the destination operand must be AL in order for DAA to work. 


si Note that in BCD addition the operands can never have any digit greater 
than 9. 


Note: AF (Auxiliary carry Flag) is only used for BCD addition and correction. 


t iM £e f | 
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BCD Addition 








Bi 
| inary Р Deciinal BCD) 
UEM 00110101 35H )9110101 
! 32H 01000111 *47H 01000111 
| 1 . 01111100 82H 10000010 
* LA | b 
— ВОт ЗУ MOV AL, 35H PAL = 35H 
0002 O4 47 ADD АІ, ан ¿AL = AL+47H 
4 27 DAA ¿Decimal adjust 


(J emulator: noname.com_ + блк. н reo = SRS --- — ie [ГЕЗ 
fe | math debug view | external; virtual devices)’ virtual drive. ' help | 


ре orca 
mu TURN 





Ex: 
Hex BCD 
29 0010 1001 
| | +18 . 790001 1000 
; 4 - 0100 0001 АЕ=! 
+6 + 0110 Because AF=1 DAA will add 6 to the lower nibble 
41 0100011] The final result is BCD 


‚Бр. АІ, = 53K CL =29h 
" ADDAL,CL =; AL (AL)+(CL) 
- AL. 53 + 29 
;AL 7С | 
DAA ; AL 7С +06 (as C>9) 
PER | ‚АТ, 82 
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DAS: Decimal Adjust after Subtraction 


This instruction converts the result of the subtraction of two packed BCD 
numbers to a valid BCD number. The subtraction has to be in Al. only. 


.* The problem associated with the addition of packed BCD numbers also 
shows up in subtraction. 


- DAS is used to correct this problem. 


- DAS must come after SUB or SBB instructions. 


- . AL must be used as the destination register in subtraction for the DAS to 
work 
Eg. — AL = 75h BH = 46h 
/ зов AL, BE . AL 2Е= (AL) - (BH) =2Fh N 
d О;АР=1 
L DAS | а ТАБ", 49 (QU F>9, F -6 =9) 
SINGS PK š; 
— m ———n — —— — — 








fter Subtraction. 


Decimal adjust A 
It of subtraction of two packed 


Corrects the resu 
BCD values. 
Algorithm: 
if low nibble of AL 7 9 or AF ~ 1 chen: 
Dp" e AL = AL - 6 

° AF = 1 
41 AL > 9Fh or CF = 1 then: 


e Ab = AL ~ 60% 
= CF = ) 





Summary of DAS action 


? ) |. Ifafter an SUB or SBB instruction the lower nibble is greater than 9, or if 
AF=1, subtract 0110 from the lower 4 bits. 


2. If the upper nibble is greater than 9, or CF =], subtract 0110 from the 
upper nibble. 
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BC : 
Tut. CD Subtraction 


He i 
ү! 


Binary 
5 f Decimal G3 CI 
арн ses seoor 52H 01010010 
2DH 60152101 -25H 00100101 
b — 27H 001090111 
о 
002 2 > MOV AL, E2H АІ = 52H 
! IR? f, RE | , SUB. AL, 2'.H PAL = AL-25H 
2 aby ж} клар iso ү ғ Decimal. ads ust 


М) emulator: noname.com 252805 4888 "MR _. 
^ File 5 1 2 ~i . 3 MU dal. 4 
m idebug view", ‘external virtual d es "virtual drive: help 


emulator: noname.bin_ 
к: math fatus view — уол dedere ECT. help 
; E š sls: fire mas Г? B. 


= Ë лд 2 2 1, 
= — n PE ee n ERR 
1 t t ne š б 
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ASCII Arithmetic 


$ ASCII arithmetic instructions function with 
coded numbers, value 30H to 39H for 0—9. 
+ Four instructions in ASCII arithmetic 
! operations: 
» AAA (ASCII adjust after addition) 
» AAD (ASCII adjust before division) 
b > AAM (ASCII adjust after multiplication) 
^ > AAS (ASCII adjust after subtraction) 





—— 


acked BCD Arithmetic Instructions 
«ALi € sum in ALadjusted to unpacked 
BCD format 

«АН» € «AB» + carry from adjustment 
«Ab € difference in AL adjusted to 
Unipacked BCD Adjust for Subtraction | unpacked BCO formal 

«АН» € «AH» - borrow from adjustment 
«AX» € product in ^L adjusted to 
| unpacked BCD format with AH containing 
high order digit 
«AL» € 10 * «АН» + «AL; 
«AH» € 0 


Un 


























Unpacked BCD Adjust for 
Multiplication 
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| escu Adjust after Addition, 


Orrecte re 
werking with Gc A ала AL after addition when 


It works 





according to the following Algorithm: 


sz. les niíibble of AL > э es Ap — 1 then: 


AL c 









` AL 








Eg. ADDCL,DL ; [CL] =32H = ASCH for 2 
И р [DL] = 35Н = ASCI for 5 | 
; Result [CL] = 67H 
MOV AL, CL ; Move ASCII result into AL since | 
; AAA. adjust only [AL] 
ААА ; [ALJ=07, unpacked BCD for 7 


ASCU Addition 





= i ! FTP: s aka ; 
T |ы PM CE /-yoécitaüal.. Y 3 ASCII 
і 2 39 
+s +36 
215 oai os 
AH ‘= 
осоо зе зэ oo Mov Ax, 0039H JAL = 32398 
ооо з oa 36 ADD AL, 36H JAL = AL + 36H 
adjust 


ооо5 = PAL ASCI T | 


3 emulator: noname.com_ 7 `” AE EE 2 
pe “math? debug Мек external virtual devices vetual drive! zhelp ` ` 
Ё ‚1 


i i а! А IP 
1539 step back | i *inole step. 
orn сыс o e e 
Rh: T 


к 
Ej 


‘screen source reset |), | aus 
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AAS : ASCII Adjust AL after Subtraction 


. This — 2 — corrects the result in AL register after subtracting two 
unpacke CII operands. The result is in unpacked decimal format. The 


procedure is similar to AAA instruction c xcept for the subtraction of 06 from 















— 72 
ASCII Adjust after *ubtractio! 
Corrects result in AH and AL arte r subtraction 
when working with ВСС values 
Algorithm 
f lew nibbie of AL >” 9» or АЎ = 1 then: 
- Ai = At – 6 
- AW An - 1 
ins No operands = * 
—  —FroVas 
ASCII Subtractiorn 
RAI] АЖ M 3 з=: 
„= tahi de ANM TU 6 FA” 36 
| io B 1:29 
Borrow = 1 7 ЕЕ o7 c afry flag. + 
a! AH AL 
0000 —9-36 оо MOV ‘AX, COACH ;AL = 36H 
оооз 2c зэ — — — — 99H AIL = AL — 39H 
ooos5 ax AAS ASCII adjust 









TIL I gc apt D ad f= r=] pad 


уе external atual devices — virtual diie hel 


4! IP . 
velo —— — step b: back j 79193 Mop A d» hii delay ms: 0 


. 3 eree:eios _ [ 0700:0108 _ uf 70700: 0108 


NC _* < 
Gd emulator: noname.com_ Yun v * 


fle | 


— 


* I rt 
























ибо! 
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gx: | MOV. AL/S' Als 
FADD AL 


add to AL 32 the ASCII for? 
AAA ‘change 67H to 07H 
OR AL,30 OR AL with 30H to get ASCII 
Ex SUB AHAH 'AH=00 

| МОУ. AL,'7' 'AL-37H. 
MOV BL.'5' 'BL=35H 
ADD АГ ВІ. :37+35=6СН therefore AL=6C 
AAA ;changes 6CH to 02 in AL and AH-CF-1 
OR AX,3030H ‘AX=3132 which is the ASCII for 12H 


. Note: nM and AAS will only work on the AL register. The data can be unpacked BCD rather than ASCII. 


Ex: MOV AX,0105H :AX-0105 unpacked BCD for 15 
MOV CL,06 ‘CL=06H 
SUB AL,CL :5-6=-1 (FFH) 
AAS ‚ЕЕН in AL is adjusted to 09 and 
| :AH is decremented leaving AX-0009 
+ Example: 
> 38 — 39 = FF, the result should be FF 39H 
MOV AH, 00 ; АН = 00H 
MOV AL,’8’ ; AX = 0038H 
|. SUB AL, ‘9? T ; AX = 00FFH 
‘eon À ААБ UC ; AX-FF09H 
OR AX, 30H ; AX = FF09 
4 Example: Positive Result 
SUB AH, AH ОЗАН = 00H 
| MOV AL,'9*: 44 ; AL — 39H 
i SUB AL, ‘3’ : AL =39H-33H = 06H 
AAS ` ; AX=0006H 
OR AL, 30H ; AL = 36H 
| 188 
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1, Write an ALP 
tle ама BB Hand p. "УУ language programming) for ada 
MOV A . or addition of two 8- 
dd еН ue : 8-bit data BB H into AL 
ADD AL oe * : 8-bit data 11 H into CL 
vues ' vontents of AL and CL added 


Comment : Result in AL = sane 
2. Write an 
OV AX, — addition of two 16-bit data BB11 H and 1122 H. 
OV CX, 1122 H : 16-bit data BB11 Н intoAX ` ; 
ADD AX, CX 4 16-bit data 1122 Н into CX 
HLT : сему of AX and CX added 
: Btop 


Comment : Result in AX = CC33 Н. 


3. Wri 5 
has ares ALP for addition of two 8-bit data BB H and 11 H. The first data 
set address of 0304 H and displacement 07. 


N MOV BX, 0304 H : Offset address put in BX 
ADD FR ; X 8-bit data 11H into AL 
‚[ВХ +07! : B-bit data from offset + displacement added with AL 
HLT : Stop. 


Comment : Result in AL = CC H. 


4. Write an ALP that subtracts 1234 H existing in DX from the word 
beginning at memory location MEMWDS. 
bad ОУ DX, 1234H . : 16-bit data 1234 H put into DX 
я p. MEMWDS, DX! : Subtrart data word 1234 H existing in DX from the data word 
p pointed to by MEMWDS. 
HLT Stop. . 


Comment : If MEMWDS points to 3000 H then, 
[3001 H : 3000 H] — [3001 H : 3000 H) – 1234 H 


5. Write an ALP which multiplies two 8-bit data 21 H and 17 H. 


, OV AL, 2i H ' : 8-bit multipheand 21 H put into AL- 
1. OV CL, 17 H + i. g.bit multiplier 17 H put into CL | 
MUL CL ‚ Contents of CL and AL are multiplied and the result 
stored in AX 
HLT : Stop. 


Comment : Result in AX = 02F7 Н. 
6. Write an ALP for dividing 1234 H by 34 H. 


MOV AX, 1234 H ‚ 16-bit dividend in 1234 H 
OVCL.34H  . , bbit divisor in 34 H 
[У CL - Content of AX divided by content. of CL 
HLT stop. 


Comment: Result in AX with (Quotient in AL = 59 H and Remainder in AH = 20 H. 


i m ie p^ wn 


— uu r — — — 


Fd 


7. Write an ALP fo 
MOVAL,32H  . ABC addition of two 
HLT : ASCII a MET x ` number 5H "^ —* into AL, 
r addit ved into B 
Result : (AL) -07 H. = i 
‘sl Write an | 
z= 20 H. ALP to evaluate (y +7) where X 
OV ' e€A-710H,Y-20 
MOV c DR : 20 H put in AL * 
ADD AL, CI, Я put in CL 
MOV CL ‘AL and CL are ad ‚ 
MOV AL. da : AL tra Resin page: ттш 
MUL СЇ, : n putin AL 
* and CL a in š 
\ PV SL 4000 Ë eue Pe Mee and result in AL 
HLT: Se. : AL put in SI | 
T : Stop. 
9. 


Write an ALP 
memory at — X? +10 , X, is present in the data segment of 
MOV AL , [2000h] and store the result in 3000h. 


MOV AH , 0h 
MOV. BL , AL 
MUL BL 

ADD AX ,000Ah 
MCV [3000h] ‚АХ 


10- Write an ALP that transfers a block of 100 bytes of data. The source 
and destination memory blocks start at 3000 H and 4000 H memory 
Mentions respectively. The data segment register value is 1000h. 


MOV АХ, 1000h : Move initial address of DS register into AX. 


MOV DS, AX : DS loaded with AX 
MOV SI, 3000 H : Source address put into SI. 
MOV DI, 4000 H - Destination address put into DI. 
MOV CX, 64 H . Count value for number of bytes put into CX register 
xx: MOV AH, [SI] : Source byte moved into AH 
1 MOV [DI], АН. . AH byte moved into destination address 
. -Jd& INC SI ‚ Increment source address 
C A INC DI ‚ Increment destination address 
DEC CX : Decrement CX count 
JNZ xx : Jump to 200D H until CX-0 
HLT : Stop. 
l 
ж. 


-- — ee  o 


— 





> Find the "nia of the BX register, as you execute each line of the program. 


| XEM be: 
Í 0100:1000 AA BB CC DD EE FF 11 22 
MOV bx,offsetL1000h] 








BX- 
MOV bx,offset 1000h BX f 
MOV bx,1000 "^ 


MOV bxj. L1000h]1 | ВХ= 
MOV Ьх,Г1000000000100Ь1 BX= 








Q3- Use the. following debug screen: 


AX=BBDY PX«QOO (X=008D 05-0098 89010 ВР-08800 81-0008 01-0008 
P Юч 80-1000 (©0082 ID-B000 
aed EM AOE WE NM 


а Соога T — — — ee 0 temm 
b. Physical address of current instruction ( MOV DS,AX)? -———-eeHHHeÜHeHÁÉÁé 
c. Memory Size of current instruction ( MOV DS , AX) inbytes? — 68066 
d. Logical Address of last byte in the Data Segment ? ИШИНЕ ое? IRL [s] 
e. What is address of next instruction? —M—Ó Mole 


da) What adliressinl mode is used the following instruction 

Paw 

AA С 07 !—— чул, 

с. МОУ АХ, ВР + SI] == 

4 MON 10 0 oc t I. ——— СС : 
X VENIM 2 on oo башынг 5 


) Assuming 16-bit Intel instructions translate from machine to assembly code (а) and translate from assembly code ! 
Ф ine (b). Hote: if 0-1, data fic wsito REG from R/M and, if D=0, data flows to R/M from REG field. 





a. BAF3 Assembly code — 6 NORMEN T | 
b. MOV [SI], AH Machine code > Se [° 
— ае х "гаан 
Q6) For given table solve questions ' ооооа „ 
a- Find the LSB of byte-content stored in physical address (PA) of 00003 .......:..::25 eese 
ы. ind the ysical pddress for Ще word content of CEA ДЕЕ v». 
ol Find the mlost-significant-byte of the Word stored in PA Of FFFFD |... Жыз 
d- Find the Ist misaligned-words stored inthememory ц — eese * 
e- d- Find the 151 aligned-words stored inthe memory) eee renee " 
r "1 
Q7- If the contents of CPU registers are as follow: DS= 2003H, ES- 4043H, | 


SS- 5000H, SI-1008H , DI-107AH , BX=100AH , BP= 2000 H, IP=1012, Find the following answers 
a- Find the physical address of the last storage location in Extra Segment of main memory 


. ge - ИЯ 1 5 20 ч 
bl Чак Ке Indirect SESA Н mode. write a program to load DX register with the word contents of main 
memory location 210AAH. 


c- Using Based plus Indexed addressing mode. write a program to load AX register with the word contents of ma 
memory location §3008H. 


FE Е 
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Qi) Suppose that a seven segment LED 


display lookup t bl * i 
i- Obtain the look up table? n AL to a seven segment code also in AL. Let TABLE =1000H, DS=1000H, 


| | ' 
t 
2- Write code to read the input key from port (1234H) and outpu 


t the value to a 7-segemnt display at port 3000H. 


` 














b) Let num1=11223344H and num2=55667788H are stored at memory locations200 and 300 respectively in the 
current data segment. ADD numland num2 and store the result at memory location 400. 


H uon [4229 Y 
‚ | E HK EV px, feest} . 
| E i ar: A | "Aon AX, сз) 

noc 6 x I [302] 

Mev (koe) / Ах 


Q2A) What is the difference between : Ием (uot) , Rx 

1. near call & farcall ZC———— EREMO 

2. JA & JNB Ж au kaq Qa sk War AUN NL 77 SERIES ИС УРЕ ОЧЕ 
i Mtr E Ё Í {2 

eR Lidl ec A EO d c 

4SHLAL2&SALAL,2 enhn 


даваакаа нке везана + е Pee Cee eee eee eee ttn 


B) What is the result of executing the following instruction sequence? 


MOV AX, AL, MOV AX, @@495h 
күм. UM ИИ. ШЕЕ NON Bi, oain Ngy BL, eh 
, QOO32h ADDAR, ВХ, MUL BL AAD ` 

D AX, BX | | : AAM IDIV BL 





BD «et 
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jy ts Ww ууч т о инш рыч лез th uistance is 


si^ А UUZU п oytes 
Ё near. , b. far, . с. short. d. none of the above. 
2. Number ө! the times l: instruction sequence below will loop before coming out of loop is 
g^ MOV AL, 00h 
Al: INC AL 
JNZ A] a 

alod l " lo | In c. 255 d. 256 

3- The comparison instruction (CMP) is a subtraction that changes only the 

a. Source b. destination c. flag bits. d. none of the above. 

4. LOOPNE: Jump to specified label until 

a.CX=0 b. CX= 0 and CF=0 c. CX= 0 and ZF=0 d. CX= 0 and ZF=1 


5| Intrase : {КЕТ is { taies ри, Os | ү 2i 
af Nha: A tb] аав 1: о RET : ` d.noneofthe above. 


. : Iam? the count at 
B) Write ALP to find number of times letter *E' exist in the string Electrical and Electronic Engineering’. Store 
memory? 


~ (Q4A) Explain the instruction LEA, 


i Maa cu: — Se tT 





= i 300H in memory with 
; (c consecutive words of data starting at offset address 
s: hs disp eden * райы prisci sas address 600H. Assume both block at the same data segment Е000Н. 
another blo š 


„++ 
È 
= 


